Cardiovascular aging is a promising frontier in preventive cardiology that is ripe for and in dire need of attention! Aging hearts and arteries operate "on the edge of cardiovascular disease". Both the incidence and prevalence of hypertension, atherosclerosis, coronary and cerebral artery disease. increase sharply at about age 45 in men and a decade later in women [1] . The long-term sequellae of these diseases lead to an age-associated increase in the prevalence of congestive heart failure and stroke. The remaining lifetime risk for CVD and other diseases among men and women free of disease at 40 years of age is staggering ( Fig.  1 ): The odds of having a chronic CV disease are 50%, for hypertension 85%, and for chronic heart failure 20% [2; cf. also 3 in this volume]. Moreover, at age 70, the lifetime risk of CVD in individuals free of disease is virtually the same as that at age 40, and is indicative of the extremely high likelihood for incurring CVD during one's lifetime (Fig. 1 ).
the entire concentric series of environments depicted in Fig. 3 , not just chromatins, histone acetylases (HATs), and deacetylases (HDACs), noncoding RNAs, and microRNAs, as narrowly preached by most scientific cognoscenti [cf. 12-14 in this volume]. The arrows in the diagram indicate continual bidirectional signaling that must occur to sustain our existence. This continual signaling back and forth across each of these environments, confers "mutual enslavement" or ordered function among the components within the coupled DNA-environment system. Different signals across these environments are transmitted with different kinetics and vary in acute or chronic impact on the coupled system.
Phenotypic aging is a manifestation of time-dependent failure of signaling within the DNA-environment system

"Inside every old person is a young person wondering what happened." ---Anonymous
Aging can be construed as a series of failures in the signaling that occur over time within the DNA environmental system (Fig. 4) . Because signaling within this system must operate in a rigorously ordered manner for an organism to function properly, failure of the system can be perceived to indicate a generalized disorder among molecular mechanisms and their interactions. Thus, the aging phenotype is a manifestation of time-dependent failing molecular mechanisms that emerges wthin system of DNA and its environment that creates disorder within the system, which masquerade as stochastic "epigentic drift" [15] [16] . Ageassociated cardiovascular failure and CVD play major roles in this time-dependent disorder that accrues within the system, contributing to stochastic epigenetic drift within the system. Nearly all aspects of signaling within the DNA-Environment system become disordered with advancing age and characterize the "reality of aging." As we age, signals within the DNA-environment system change, as does sensing of the signals, transmission of signals and responses to signals (Fig. 4) . Aging is characterized by impaired cell renewal [cf. 17, this volume] changes in the proteome due to alterations in genomic transcription, mRNA translation, and the local protein environments and proteostasis. The density of some molecules becomes reduced and post-translational modifications, e.g. oxidation, nitration phosphorylation, etc., lead to altered misfolding and disordered molecular interactions that alter the stoichiometry and kinetics of reactions that remove damaged organelles and proteins [cf. 18 in this volume] and underlie crucial cell functions and robust reserve mechanisms. The system loses its robustness and flexibility. Physical and psychic energies dwindle as reality shifts with aging in the context of age-associated molecular disorder. Not only our CV system, but our entire bodies and minds become different. We're not exactly the same organism that we were 10 years ago, or 10 years before that. As a result of changes in the environments and in their interfaces (Fig. 3) , aged organisms appear different to younger members of society and vice versa (Fig. 5 ).
age? Some evidence points to the latter. Evolutionary biologists tell us that the main reason for our reality is to perpetually ensure the existence of the next generation of our species. Thus, most of us are "wired" to be very healthy in order to procreate. After accomplishing this, in the evolutionary perspective, there is not a valid reason for us to remain intact, or even alive. As our Natural Selection Insurance Policy "expires" with advancing adult age, we remain alive because our environment has been protected by better hygiene, better nutrition, better healthcare that keep us alive well beyond our evolutionary life expectancy. Aging, may thus, be conceptuazlied as progressive, time-dependent molecular disorder within the DNA-environment system of an organism depicted in Figs. 3 and 4 , accompanied by reduced complexity, increased entropy within the DNA-environment system, leading to reduced efficiency and efficacy of molecular interactions that regulate cell, tissue, organ structure coordinated function among organ systems . Reference is often made to the "aging process." But what is the evidence that aging is a "process"? MY OPINION: Aging appears not to be a "Process," but rather a manifestation of time-dependent, stochastic, molecular disorder that ensues when our Natural Selection Insurance Policy expires.
Increasing molecular and cellular disorder as we age, leads to loss of tissue organ and system reserve functions (Fig. 6A ). Because numerous redundant mechanisms work together to maintain order within the DNA-environment system, the evolution of a functional decline in one mechanism enlists redundant mechanisms that compensate for that decline in order to preserve overall function (but with reduced reserve). Thus, functional declines are initially subtle and go unnoticed, as a substantial degree of order in the highly ordered DNAenvironment system still exists. Eventually, as molecular disorder increases these adaptive compensations fail and disequilibrium of decline among specific functional decline ensues. Reflections upon these decline at this stage raise the issue of antagonistic pleiotropy [19] . During this advanced stage of disorder, the concept of functional homeostasis [20] is no longer applicable. The organism is "well on the road" to frailty (Fig. 6A) which, in general, can be described as an inability to perform activities of daily living. The "allostatic load," i.e. the cumulative physiologic toll exacted on the body to adapt [21] exponentially increases and allostasis [22] fails. Accumulation of cellular defects leads to the cumulative loss of our reserve functions over time leads to (Fig. 6A) age-associated frailty, disability and vulnerability to diseases [5] (Fig. 6B ) from which we were protected at earlier ages. Cardiovascular disease loom large on this vulnerability profile. The rate of increased vulnerability of reserve in our various functions (thin lines) is variable, and not always monotonic but sometimes biphasic or oscillatory due to compensatory mechanisms that occur among functions. The eigen vector for vulnerability, however (thick arrows), progressively increases with advancing adult age and underlies phenomena presently referred to as diseases and "frailty", or the inability to perform normal activities of daily living.
So, is aging, per se, a disease?
This question has been debated from the era of famous Greek philosophers . One opinion, and an opinion that has underpinned modern gerontology, the study of aging, is that "aging and disease are not synonymous. There are processes of aging and etiologies of disease. The relationship between the two are important, but not inevitable."-Nathan Shock [23] . This is not a unique opinion that has survived. Others would argue that "… to draw a distinction between disease and normal aging is to attempt to separate the undefined from the undefinable."-J.G. Evans [24] .
Is Cardiovascular Aging a Disease?
Structural and functional disorder within the hearts and arteries that clearly become manifest in the context of CVD have a preeminent role in the widespread disorder within the organism that accompanies advanced age because the cardiovascular system is crucial to the survival of other organ systems. One way to conceptualize why the clinical manifestations and the prognosis of CV diseases worsen with age is that in older individuals, the specific pathophysiologic mechanisms that cause clinical disorders depicted in Figure 1 become superimposed on heart and vascular substrates that are modified by aging [1, 7, 25] (Fig. 7) .
Imagine that age increases as one moves from the lower to the upper part of Figure 7 and that the line bisecting the top and bottom parts represents the clinical practice "threshold" for disease recognition. Thus, entities above the line are presently classified as "diseases" that lead to heart and brain failure. Vascular and cardiac changes presently thought to occur as a result of a "normal aging process" are depicted below the line. These age-associated changes in cardiac and vascular properties alter the substrates on which cardiovascular disease (entities above the line) is superimposed. First, they lower the extent of disease severity required to cross the threshold that results in clinically significant signs and symptoms. Age-associated changes may also alter the manifestations and presentation of common cardiac diseases and can also influence the response to and therefore the selection of different therapeutic interventions in older individuals with cardiovascular disease. Those age-associated changes in CV structure or function below the line in Figure 7 ought not to be considered to reflect "normal" CV aging. Rather, in the context of molecular and cellular disorder that accompanies "borrowed time," (Fig. 2 ) they might be construed as specific risk factors for the CV diseases that they relate to and thus might be targets of interventions designed to decrease or delay the occurrence or severely reduce cardiovascular disease at later ages. In order to determine whether or not to consider arterial aging a disease, we must understand the mechanisms that lead to age-associated changes in the arterial wall beneath the clinical disease threshold in Fig. 7 [7] . Age-associated phenotypic changes in central arteries result from a myriad of progressive structural and functional disorder, ranging from changes in molecules to cells to arterial tissue, the blood it transports, and the hormonal and neural factors that modulate molecules, cells, tissues, etc. that comprise our cardiovascular system. These events act in concert to reduce central arterial distensibility and render the arterial wall stiffer, which results in a more rapid pulse wave velocity and early return of the reflection wave to occur during systolic ejection ( Fig. 8 ; refs 1, 6).
Chronic inflammation degrades
As a result, the systolic blood pressure increases, diastolic pressure decreases and the pulse pressure increases with aging. [1, 6] The chronic increase in pulse pressure transmitted to the brain and kidney damage the arterial supply of those organs, leading to vascular encephalopathy and chronic renal failure ( Fig. 8 ; cf. also 10 in this volume). Thus, while our textbooks usually describe the characteristics of central arterial changes that accompany advancing age as "physiologic" arterial aging, these changes are far from being "physiologic" and are more aptly construed as pathophysiologic.
There is a substantial gap between our knowledge about what's going on in the arterial wall under the microscope with respect to structure or function of the large arteries and what can be measured in vivo [1, 7] . Characteristically, there is fragmentation and calcification of elastic fibers, increased deposition of collagen and collagen cross linking, amyloid deposition in the medial layer, and migration/proliferation of vascular smooth muscle cells (VSMC) (Fig. 8, 9 ) [8, 27] . Processes that lead to cellular and matrix structural and functional age-associated changes of the arterial wall are driven by a proinflammatory microenvironment, mediated by mechanical and humoral factors ( Fig. 9 ). These processes are driven by oxidative stress and low-grade inflammation [cf. 28 in this volume]. Our body's initial response to stress is moderated by increased adrenergic signaling; the downstream receptor signaling cascade results in increased activation of renin-angiotensinaldosterone, and endothelin signaling ( Fig. 9 ), mechanisms utilized to respond to chronic stress. Importantly, this stress defense is not executed by "professional" inflammatory cells (i.e. white blood cells) but by endothelial and VSM cells that shift their phenotypes to produce inflammatory cytokines.
Other factors also play a key role in arterial inflammation. AGTRAP and SIRT1 (not shown in Fig. 9 ) are negative regulators of angiotensin receptor signaling, that leads to proinflammation and thus to age-associated arterial remodeling. Expression of both SIRT1 and AGTRAP are reduced by an increase in miR34a which accompanies advancing age [29, 30] . It is noteworthy that caloric intake mimics Ang II signaling ( Fig. 10 ) [31] . Ang II signaling and caloric intake converge to affect sirtuin and PPARs signaling, impacting upon metabolic function and resulting in mitochondrial damage ( Fig. 10 ; cf. 32 and 33 in this volume].
Although increased activation renin-angiotensin-aldosterone system, endothelin and RAGE signaling cascades (Figs 9,10) are ways that our bodies are wired to respond to chronic stress, it remains debatable as to the extent to which activation of these signaling cascades results an "overshoot" in the chronic inflammatory response creating additional oxidative stress that contributes to the progression of age-associated structural and functional arterial remodeling. The overshoot might be expected to occur because the molecular disorder that elicits the response cannot be resolved, resulting in a chronic increase in inflammatory signaling. A similar and well-known overshoot scenario occurs in the context of catecholamine signaling in chronic heart failure. In other terms, these overshoots that accompany advancing age and are generated by the body's cells or modifies the behavior of other cells, leading to altered cell behavior, injury or cell death.
Arterial wall aging is quite similar in humans, non-human primates, rabbits and rats ( Fig.  10 ) and involves inflammatory processes associated with oxidative stress. "Aging"-associated arterial changes and those associated with hypertension (and early atherosclerosis and diabetes) are fundamentally intertwined at the cellular and molecular levels ( Fig. 11) .
Arteries of younger animals, in response to experimental induction of hypertension or early atherosclerosis or diabetes, parts of this proinflammatory profile within the arterial wall that have been studied to date are strikingly similar to the Ang II-mediated profile that occurs with advancing age (Fig. 11) . Remarkably, continuous administration of angiotensin II to young animals for 30 days induces a rapid deterioration of their arteries, which look older [34] . Moreover, inhibition of Ang II signaling [31, [35] [36] [37] [38] [39] or caloric restriction [40] exerts marked amelioration of chronic inflammation (Figs. 9, 11 ) and, in some instances, also increases longevity [31, [38] [39] [40] .
Arterial diseases as manifestations of exaggerated age-associated arterial wall inflammation: Is atherosclerosis a manifestation of advanced age-associated arterial inflammation?
In humans, other well-known risk factors (e.g., excessive food intake ( Fig. 10) , altered dietary lipid and metabolism, smoking, and lack of exercise) likely interact with the arterial substrate that becomes altered during aging, and that renders the aging artery a "fertile soil" that facilitates the initiation and progression of these arterial diseases. New evidence (Fig.  12 ) that aging and atherosclerosis are intimately intertwined is gleaned from a recent study that imaged arteries of mummies [41] . This study imaged the arteries of mummies from over 4000 years of human history ranging from before the Common Era (BCE) to the Common Era (CE) (Fig. 12A ) to detect the presence and severity of atherosclerosis defined as calcified plaques within the arterial wall. The major finding was that although diet and lifestyle differed widely among the populations studied (Fig. 12A ) the prevalence and severity of atherosclerosis in BCE was nearly identical to that of CE (Fig. 12B) . However, the prevalence of atherosclerosis varied by age, regardless of the era (Fig. 12B ). The conclusion of this study, "Atherosclerosis across 4000 Years of Human History: The Horus Study of Four Ancient Populations," was that "the presence of atherosclerosis in modern human beings suggests that it is an inherent component of human aging and NOT characteristic of any specific diet or lifestyle."
The Reality of Aging Viewed from the Heart
Cardiac structure and function at rest
A unified interpretation of identified cardiac changes that accompany advancing age and their interaction with age-associated arterial changes in otherwise apparently clinically healthy persons is depicted in the schematic in Fig. 13 [25] . Some cardiac changes are, at least in part, adaptive, occurring to some extent in response to arterial changes (Figs. [8] [9] that occur with aging. With advancing age, the walls of the left ventricle increase in thickness, largely because of an increase in ventricular myocyte size and an increase in vascular impedance, and this helps moderate the increase in LV wall tension [cf. 3 and Fig.  8 ]. Cardiac muscarinic receptor density and function are also diminished with increasing age [42] and might contribute to reductions in heart rate variability and baroreflex activity observed in older persons.
Cardiovascular Reserve
Cardiovascular function at rest accounts for only about a third of the overall peak cardiovascular capacity, which declines substantially with advancing age. An age-associated reduction in peak cardiac reserve function accounts for about half of the age-associated decline in peak oxygen consumption. The peak cardiac output decline is solely due to chronotropic insufficiency as peak stroke volume is preserved (Table 1) . Impaired heart rate acceleration and impaired augmentation of blood ejection from the left ventricle are the most dramatic changes in cardiac reserve capacity that occur with aging in healthy, communitydwelling persons ( Table 1 ).
Mechanisms that underlie the age-associated reduction in peak heart rate and ejection fraction are multifactorial and include a reduction in intrinsic sinoatrial pacemaker cell function [45; cf. 46 in this volume] and ventricular myocyte intrinsic contractility [43; also cf. 47 in this volume], and increased arterial-ventricular load mismatching [48] , which interferes with myocardial contraction and the ejection of blood.
A sizeable component of the age-associated deficit in cardiovascular reserve is due to a withering of brain-heart signaling, which includes diminished effectiveness of the autonomic modulation of heart rate, LV contractility, and arterial afterload [43] (Table 1) . Sympathetic stimulation of the cardiovascular system during stress ensures that the heart beats faster; to ensure that it retains a small size, by reducing the diastolic filling period, LV afterload is reduced; myocardial contractility and relaxation are enhanced; blood is redistributed to working muscles and to skin to dissipate heat. Each of the components of autonomic cardiovascular regulation becomes compromised with advancing age. Substantial evidence points to the reduced efficiency of postsynaptic beta-adrenergic signaling with aging [43 for review]. Thus, cardiovascular responses including those of pacemaker tissue [45] to betaadrenergic agonist infusions at rest decrease with age, and acute beta-adrenergic receptor blockade changes the exercise hemodynamic profile of younger persons to make it resemble that of older individuals. During exercise the heart rate reduction by acute beta-adrenergic blockade is greater in younger versus older subjects, as are the age-associated deficits in LV early diastolic filling rate, both at rest and during exercise. It has also been observed that the increase in aortic impedance during exercise in older dogs results from deficient β-adrenergic signaling [49] . Thus, age-associated impaired cardiovascular reserve manifest during exercise is at least in part, attributable to withering of brain-heart communication.
These deficits in sympathetic modulation of cardiac and arterial functions with aging occur in the presence of exaggerated neurotransmitter levels [cf. 43 for review]. Plasma levels of norepinephrine and epinephrine response to stress increase to a greater extent in older compared with younger healthy humans (Table 2) , due to an increased spillover into the circulation and, to a lesser extent, reduced plasma clearance. Due to reduced norepinephrine reuptake at nerve endings, that differs among body organs, but increases within the heart. Tables 3 and 4 summarize changes in specific aspects of cardiac structure, function, and expression of some genes that occur in the pressure-overloaded myocardium and in the normotensive senescent heart. Because similar reductions in the cellular RNA concentration and the rate of protein synthesis are observed with aging and chronic myocardial overload in the rat model, it has been suggested that the latter (which is usually accompanied by myocardial hypertrophy) represents "accelerated aging" [50] . Thus, reflection on mechanisms that underlie structural, functional, and molecular changes in experimental hypertrophy may provide clues as to what factors underlie the age-associated changes described in the previous sections. The multiple changes in cardiac excitation, myofilament activation, contraction mechanisms, and gene expression that occur with aging are interrelated. Many of these age-associated structural and functional changes can be interpreted as adaptive in nature as they also occur in the hypertrophied myocardium of younger animals adapted to experimentally-induced chronic hypertension. Note that a similar pattern occurs in hypertension in young animals, in aging in normotensive animals, and in neonatal heart cells exposed to growth factors [51 for review].
Ventricular Cells Within the Older Heart Operate "on the Edge" of Disease
Thus, it is tempting to speculate that this nearly identical pattern of change in gene expression may indicate that a common set of transcription factors regulates cellular adaptation during pressure-overload hypertrophy and aging. This particular constellation of shifts in gene expression (Table 4) appears to be adaptive in that it allows for an energyefficient and prolonged contraction. In the hypertensive rodent heart, it can be inferred that these changes in gene expression permit functional adaptations in response to an increased vascular "afterload."
All the components of the renin-angiotensin system (RAS) are present in cardiac myocytes [53] [54] . The Ang II-mediated proinflammatory profile manifested in aged arteries ( Fig. 9-11 ) is also observed within the older heart (cf. ref. 11 in this volume). The mRNAs for both angiotensinogen and ACE are markedly increased in hearts of older vs. younger rats [55] . Ang II inhibition has been shown to regress hypertrophy induced by constriction of the abdominal aorta without altering the apparent pressure load on the heart [53] . The relationship between Ang II and myocyte hypertrophy is well-established [56] [57] [58] . In addition, there is a growing body of evidence suggesting that Ang II may play a role in functional abnormalities associated with cardiac hypertrophy [57] ; thus, changes in the RAS with aging may contribute to age-associated cardiac functional deficits as well.
Reduced glucose tolerance also occurs in aged rats [59] as in humans and could possibly relate to some of the changes noted above. Alterations of thyroid status can produce alterations in some of the variables depicted in Tables 3 and 4 . Finally, a reduction of physical activity occurs with aging even in rats "in captivity" [40, 60] . As studies in older animals have shown that exercise training can modify some of these changes noted in Tables  3 and 4 [ [61] [62] , the physical deconditioning that accompanies aging of experimental animals may contribute to some of the changes attributed to aging per se.
Finally, some characteristics of the senescent heart may be influenced primarily by the host environment When cardiac myocytes from neo-natal rats were surgically implanted into the peritoneal cavity of two-month-old, seven-month-old, and 18-month-old host rats, those in the youngest rats displayed greater growth as assessed by a number of indices [63] . Similarly, when aortic segments were cross-transplanted among young and old rats and animals were subsequently subjected to restraint stress, the induction of heat shock protein gene expression was markedly attenuated in older host rats, whereas the response was largely preserved in younger rats irrespective of donor age [64] .
Clinical Implications of Cardiovascular Aging
An emerging school of thought, however, proposes that the effects of cardiovascular aging, at the molecular, enzymatic, biochemical, cellular, histologic, and organismal levels, constitute the risky components of aging for the increased likelihood of clinical signs and symptoms of cardiovascular disease to emerge as age increases [1, 7, 25] . Many of the ageassociated alterations in cardiovascular structure and function, at both the cellular and molecular levels, are the same as those that underlie the pathophysiology of cardiovascular diseases. Because these factors can be modified by changes in lifestyle, e.g. diet [65] and exercise [65] [66] [67] [68] [69] , or by presently available drugs, e.g. those that reduce the impact of Ang II signaling [31, [36] [37] 39] , there is an urgency to incorporate cardiovascular aging into clinical medicine. But in spite of the interest in the physiology of the age-associated changes in cardiovascular structure and function, the risk of cardiovascular aging, per se, has remained, for the most part, outside of mainstream clinical medicine! The pathophysiologic implications of age-associated cardiovascular changes are largely underappreciated and are not well disseminated in the medical community, mainly because many of these manifestations of CV aging cannot be detected in the blood, as is the case for "traditional" arterial disease risk factors. Thus, although age is the dominant risk factor for cardiovascular diseases [1] (Fig. 1 ) and some effects of aging can be modified [31, 35, [36] [37] [65] [66] [67] [68] [69] , most of the research efforts on prevention of these diseases have ignored focusing on the effects of aging of the arterial wall, and, instead, have focused on development of interventions that target other "traditional" cardiovascular risk factors (such as hypertension and hyperlipidemia).
Conclusion
So, again, is aging a disease? My perspective, based upon the evidence presented herein, is that aging is a disease that is eventually fatal! Accelerated age-associated molecular disorder within the heart and arteries ought to be referred to as cardiovascular disease. Usually, molecular disorder that accompanies increasing age does not cause clinical symptoms; rather, aging-associated molecular disorder is a disease that becomes the dominant risk factor for other clinical syndromes that have been and continue to be referred to as cardiovascular diseases [1, 7, 25] . As life expectancy increases, a systems-biology approach is needed to ensure that we have a healthy lifespan [5] . We must not lose sight of the reality that age, disease, lifestyle, genetics and environmental factors are intertwined and that there are interactions that vary over time (Fig. 14) [cf. 68-69 in this volume]. To understand aging, we must discover failures that occur in cardiovascular tissue and define their underlying mechanisms, and integrate and translate these discoveries [5, 65] . But, instead of integrating discoveries, we (mortals) usually fragment knowledge: organisms into systems (e.g. CNS CVS, etc.), losing the site of the organism; systems into cells -losing site of organs, systems, and organisms; cells into "departments" (e.g. biochemistry, physiology, etc.) -losing site of cells, organs, systems, organisms.
Age-associated alterations in arterial structure and function could represent the link that explains, at least in part, the risky component of aging. Indeed, a steady stream of incremental knowledge, derived from both animal and human studies, has established that several of the aging-associated changes within the walls of the central arteries are themselves potent and independent risk factors for cardiovascular diseases and many of these aging effects can be modified, e.g. increasing physical activity, by dietary modifications [40, 65] , or pharmacologic inhibition of Ang II signaling [31, [35] [36] [37] [38] [39] . Our present understanding of the age-associated alterations in cardiac and arterial structure and function at both the system, cellular and molecular levels provides valuable clues that may assist in the development of additional novel therapies to prevent, to delay, or to attenuate the cardiovascular changes that accompany advancing age. Changes in the perspectives of the reality of aging are long overdue in the clinical practice of medicine. Policymakers, researchers, and clinicians should intensify their efforts toward retarding age-associated interactions depicted in Fig. 14 , particularly in individuals in whom these alterations are accelerated but not discovered in otherwise apparently "healthy" individuals. Future studies would then examine whether these strategies (i.e., those targeting cardiovascular aging) can have a salutary impact on the adverse cardiovascular effects of accelerated, cardiovascular aging. and attenuate the impact of age as the dominant risk factor for cardiovascular diseases. Importantly, this should help alter our view of the effects of aging from immutable risk factors to those amenable to modification and retardation. Cardiovascular aging is a promising frontier in preventive cardiology that is ripe for and in dire need of attention! The odds of having a chronic CV disease are 50%, for hypertension 85%, and for chronic heart failure 20%. At age 70, the lifetime risk of CVD in individuals free of disease is virtually the same as that at age 40, and is indicative of the extremely high likelihood for incurring CVD during one's lifetime. The older population is progressively becoming more predominant as life expectancy increases in many developing countries. Adding years to the end of the lifespan, when chronic age-associated diseases become rampant (Fig. 1) , raises the issue that surviving to these older ages is living on "borrowed time" (adapted from Ref. To begin to understand aging, we need to address numerous facets of life that change over time and thus to appreciate how organisms, not just cells, tissues or organs, change over time. Reality can be comprehensively defined as a "mutually enslaved" system of "DNA and its environment." The arrows in the diagram indicate continual bidirectional signaling that must occur to sustain our existence. This continual signaling back and forth across each of these environments, confers "mutual enslavement" or ordered function among the components within the coupled DNA-environment system. Different signals across these environments are transmitted with different kinetics and vary in acute or chronic impact on the coupled system. As we age, signals within the DNA-environment system change, as does sensing of the signals, transmission of signals and responses to signals. Aging is characterized by impaired cell renewal changes in the proteome due to alterations in genomic transcription, mRNA translation, and the local protein environments and proteostasis. The density of some molecules becomes reduced and post-translational modifications, e.g. oxidation, nitration phosphorylation, etc., lead to altered misfolding and disordered molecular interactions that alter the stoichiometry and kinetics of reactions that remove damaged organelles and proteins and underlie crucial cell functions and robust reserve mechanisms. According to theory promulgated by evolutionary biology, the main reason for our reality is to perpetually ensure the existence of the next generation of our species. Thus, most of us are "wired" to be very healthy in order to procreate. After accomplishing this, in the evolutionary biology perspective, there is not a valid reason for us to remain intact, or even alive, e.g. beyond about 50 years. But although our "Natural Selection Insurance Policy" expires with advancing adult age, we remain alive because our environment has been protected by better hygiene, better nutrition, better healthcare that keep us alive well beyond our evolutionary life expectancy. Increasing molecular and cellular disorder as we age leads to loss of tissue organ and system reserve functions. A. The rate of increased vulnerability of reserve in our various functions (thin lines) is variable, and not always monotonic but sometimes biphasic or oscillatory due to compensatory mechanisms that occur among functions. The eigen vector for loss of reserve function, however (thick arrows), progressively increases with advancing adult age and underlies phenomena presently referred to as diseases and "frailty", or the inability to perform normal activity of daily living. The lines are arbitrary functions that decline at arbitrary rates. B. The cumulative loss of our reserve functions over time leads to ageassociated increasing vulnerability to diseases and frailty from which we were protected at earlier ages. Imagine that age increases as one moves from the lower to the upper part of the figure and that the line bisecting the top and bottom parts represents the clinical practice "threshold" for disease recognition. Age-associated changes in cardiac and vascular properties (depicted below the clinical practice threshold line) alter the substrate on which cardiovascular disease (entities above the line). Thus, entities above the line are presently classified as "diseases" that lead to heart and brain failure. Vascular and cardiac changes presently thought to occur as a result of a "normal aging process" are depicted below the line. These age-associated changes in cardiac and vascular properties alter the substrates on which cardiovascular disease (entities above the line) is superimposed. Those age-associated changes in CV structure or function below the line 7 ought not to be considered to reflect "normal" CV aging. Rather, in the context of molecular and cellular disorder that accompanies "borrowed time," they might be construed as specific risk factors for the CV diseases that they relate to, and thus might be construed as targets of interventions designed to decrease the occurrence or manifestations of cardiovascular disease at later ages (From Ref. 26 ). Processes that lead to cellular and matrix structural and functional age-associated changes of the arterial wall are driven by a proinflammatory microenvironment and low-grade inflammation, mediated by mechanical and humoral factors. These processes are driven by oxidative stress. This study imaged the arteries of mummies from over 4000 years of human history ranging from before the Common Era (BCE) to the Common Era (CE) to detect the presence and severity of atherosclerosis defined as calcified plaques within the arterial wall. The major finding was that although diet and lifestyle differed widely among the populations studied (Panel A) the prevalence and severity of atherosclerosis in BCE was nearly identical to that of CE. In both epochs, the severity of atherosclerosis was associated with increasing age Prolonged contraction of the thickened LV wall which maintains a normal ejection time in the presence of the late augmentation of aortic impedance is preserved by systolic cardiac pumping function at rest. A downside of prolonged contraction is that myocardial relaxation at the onset of diastole is relatively more incomplete in older than in younger individuals and reduces the early LV filling rate to in older vs. younger individuals. Structural changes and functional heterogeneity occurring within left ventricular tissue with aging may also contribute to this reduction in peak LV filling rate. Additional concomitant adaptations-left atrial enlargement and an enhanced atrial contribution to ventricular filling, however, compensate for the reduced early filling and maintain a normal end diastolic volume. 
